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(57) ABSTRACT 

A rotating electrical machine includes: a rotor comprising a 
rotor core and a field winding wound round the rotorcore; and 
a stator comprising a stator core and a stator winding wound 
round the stator core. The stator is arranged in opposition to 
the rotor with a predetermined spacing therebetween. the 
stator core is formed by punching a split piece, which com 
prises teeth for insertion of the stator winding thereinto and a 
core back on an outer periphery thereof, from a magnetic steel 
sheet, and laminating a plurality of those circular configura 
tions in an axial direction, in which a plurality of the split 
pieces are arranged in a circle in a circumferential direction. 
The stator core has magnetic steel sheets, which are different 
in magnetic permeability in a diametrical direction, lami 
nated at an axial end region of and in an axial central region of 
the stator core. 

4 Claims, 7 Drawing Sheets 
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1. 

ROTATINGELECTRICAL MACHINE WITH 
DIFFERENT LAMINATION STEEL KNDS 

AND SPACING 

This application is a divisional application of U.S. appli 
cation Ser. No. 12/428,875, filed Apr. 23, 2009, the entirety of 
which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a rotating electrical 
machine, and more particularly, to a rotating electrical 
machine Suitable for an arrangement, which is adopted in, for 
example, turbine-driven generators, etc. and of which a stator 
core is formed by laminating magnetic Steel sheets. 
An explanation will be given to a conventional example of 

a stator core of a large-sized rotating electrical machine. 
As shown in FIGS. 11A and 11B, a stator core of a turbine 

driven generator is formed into a cylindrical configuration by 
punching a steel sheet into sector-shaped split pieces from a 
steel Strip and arranging the split pieces in plural in a circum 
ferential direction to define a circular configuration to lami 
nate the same in plural in an axial direction. FIG. 8 shows an 
example of the split piece. The split piece comprises teeth 1 
with slots 3 therebetween, into which a winding (not shown) 
is inserted, and a core back 2 defining an outer periphery of 
the teeth 1. 

FIGS. 9 and 10 show a structure of a stator core of a 
conventional rotating electrical machine. FIG. 9 is a cross 
sectional view showing the stator core as viewed in a circum 
ferential direction, a half thereofa diametrical direction and a 
portion close to an axial end thereof. FIG. 10 is a view show 
ing the stator core as viewed from an inside diameter side in 
a diametrical direction corresponding to a direction indicated 
by “A” in FIG. 9. As shown in FIG. 10, cooling ducts 5 are 
formed by interposing rectangular-shaped or I-shaped duct 
spacing pieces 8 into the stator core 4 to provide for clear 
ances, and a cooling medium is caused to flow diametrically 
of the cooling ducts 5 to cool the core and an armature wind 
ing 6. 

FIG. 12 shows a constructional example of a conventional 
rotating electrical machine. The example comprises a rotating 
electrical machine of a type having a heat exchanger and 
causing a cooling medium to circulate therein for cooling. 

Usually, a rotating electrical machine comprises a rotor 7 
formed by winding a field winding round a rotor core, and a 
stator arranged in opposition to the rotor 7 with a predeter 
mined spacing (called an air gap) therebetween and formed 
by winding an armature winding (stator winding) 6 round the 
Stator core 4. 

With the rotating electrical machine thus formed, a part of 
a cooling medium which is increased in pressure by a fan 23 
flows from an axial end toward a center along the rotor 7 and 
toward an air gap which is a diametrical gap between the rotor 
7 and the stator to cool the stator core 4 and the armature 
winding 6 in an exhaust section 26, which extends radially 
outwardly through the stator core 4, to be subjected to heat 
removal in a heat exchanger 29 to get again to the fan 23 
through a cooling medium flowing path 25. 

The remaining cooling medium flows radially outwardly 
from the fan 23 to cool the stator core 4 and the armature 
winding 6 in an intake section 27, which extends radially 
inwardly through the stator core 4, via the cooling medium 
flowing path 25 to get to the air gap to cool the stator core 4 
and the armature winding 6 to join a cooling medium, which 
flows into the exhaust section 26, in the air gap. 
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2 
When the rotating electrical machine operates, a winding, 

through which an electric current passes, constitutes a main 
heat generating part. In a large-sized rotating electrical 
machine, with a view to cool Such generation of heat, cooling 
ducts are formed between laminated steel sheets in the man 
ner described above and a cooling medium is caused to flow 
radially to cool a winding and a stator core. 
At this time, in a rotating electrical machine, a cooling 

effect at neighborhood of the axial center is decreased since 
the neighborhood of the axial centeris positioned most down 
stream in a cooling medium flowing path and therefore a 
cooling medium becomes high in temperature. Therefore, a 
flowing, cooling medium is in some cases increased in quan 
tity by increasing the number of cooling ducts per unit axial 
length in the vicinity of the axial center. 
On the other hand, in a stator core, an alternating magnetic 

flux acts, so that a loss is generated and heat is generated. In 
particular, with a rotating electrical machine, which is used in 
turbine-driven generators to include a rotor having two or four 
magnetic poles, a path, through which magnetic fluxes pass, 
in teeth of a core is Small in Volume to lead to an increase in 
magnetic flux density, thus causing an increase in heat gen 
eration density. Besides, a core which is a magnetic material 
is decreased in volume in a location, in which the number of 
cooling ducts per unit axial length is increased as described 
above, as compared with the remaining locations when 
locally observed, so that magnetic flux density of the core is 
increased and a loss is increased. That is, by increasing ducts 
in number for the purpose of cooling a winding, there is a 
possibility that loss, that is, heat generation is increased in the 
COC. 

With a rotating electrical machine formed with a ventilat 
ing circuit, in which a plurality of ventilating sections permit 
ting a cooling medium to flow radially outwardly and radially 
inwardly of a cooling duct, a cooling medium is increased in 
temperature in a ventilating section or sections positioned 
downstream of the ventilating circuit. 
On the other hand, in teeth positioned at an axial end of a 

stator, an eddy current is generated in an axial cross section of 
the teeth by a magnetic flux incident in an axial direction from 
a rotor. While the magnitude of a loss caused by the eddy 
current is dependent upon the density of an incident magnetic 
flux and the cross sectional area of the tooth, a location of heat 
generation is local and tip ends of that teeth, on which a loss 
is caused, is made high in temperature in Some cases. In 
particular, with a machine involving a large electric loading, 
a magnetic flux leaking from a coil end is increased in quan 
tity to lead to an increase in loss for reasons of a large electric 
current and a large coil end length, and therefore, a measure of 
reduction in loss and enhanced cooling Such as the provision 
ofa tapered portion at an end of a stator core and the provision 
of a slit on an axial cross section of teeth is taken as proposed 
in JP-A-2006-74880. 

In relation to the matter described above, as a measure, 
which copes with generation of a loss on teeth, in particular, 
at an end of a stator core, U.S. Pat. No. 7,057,324 shows an 
example, in which a direction of easy magnetization of a steel 
sheet and a direction of magnetic flux in teeth agree with each 
other at an end of a stator core. Since a direction of magnetic 
flux in teeth and a direction of magnetic flux in a core back are 
perpendicular to each other, however, a magnetic flux is hard 
to pass through the core back, so that there is a possibility of 
an increase in loss. 
As an example of reduction in generation of heat on a core, 

JP-A-2000-50539 shows an example, in which grain oriented 
steel sheets and non-oriented Steel sheets are alternately lami 
nated, and JP-A-61-62334 shows an example, in which amor 
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phous metallic sheets are laminated at an end of a stator core. 
In all the examples, an attention is paid to easiness, with 
which a magnetic flux passes through laminated Steel sheets, 
and to iron loss, and steel sheets of plural kinds are laminated 
to achieve reduction in heat generation. 5 

However, a magnetic material is nonlinear in magnetiza 
tion characteristic and easiness, with which a magnetic flux 
passes therethrough, that is, magnetic permeability is 
changed according to the density of a magnetic flux, which 
acts. In recent years, many rotating electrical machines are 
designed to be increased in power density and made Small in 
size and the density of a magnetic flux acting on a stator core 
is set to a high density of a magnetic flux close to Saturation 
magnetization. In the case where a magnetic flux density 
close to saturation magnetization is acted, a magnetic resis 
tance increases since a magnetic material is equivalent in 
magnetic permeability to an air, so that there is also a possi 
bility that a magnetic flux makes a circuit in an axial direction 
in the same manner at the end as described above and a 20 
magnetic flux in a direction of lamination increases to lead to 
an increase in loss. 
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The invention has been thought of in view of the matter 
described above and has its object to provide a rotating elec 
trical machine, in which an attention is paid to a temperature 
of the rotating electrical machine and an improvement in 
temperature distribution is achieved, in particular, in the 
vicinity of a stator winding to accomplish an improvement in 
reliability. 

In order to attain the object, the invention provides a rotat 
ing electrical machine comprising a rotor formed by winding 
a field winding round a rotor core, and a stator arranged in 
opposition to the rotor with a predetermined spacing therebe 
tween and formed by winding a stator winding round a stator 
core, and wherein the stator core is formed by punching a split 
piece, which comprises teeth for insertion of the stator wind- a 
ing thereinto and a core back on an outer periphery thereof, 
from a magnetic steel sheet, and laminating a plurality of 
those circular configurations in an axial direction, in which a 
plurality of the split pieces are arranged in a circle in a cir 
cumferential direction, and wherein the stator core comprises 45 
magnetic steel sheets which are different in magnetic perme 
ability in a diametrical direction between at an axial end of 
and at an axial central portion of the stator core. 

Specifically, the rotating electrical machine of the inven 
tion has a feature in that the magnetic steel sheets at the axial 50 
central portion of the stator core are higher in magnetic per 
meability in the diametrical direction than the magnetic Steel 
sheets at the axial end thereof, or the stator core has a plurality 
of grain oriented magnetic steel sheets laminated at the axial 
end thereof and has a plurality of non-oriented magnetic steel 55 
sheets laminated at the axial central portion thereof, or the 
magnetic steel sheets in the axial central portion of the stator 
core are larger in thickness than the magnetic steel sheets at 
the axial end thereof. 

According to the invention, a rotating electrical machine 60 
can be provided which is high in reliability by an improve 
ment in temperature distribution in the vicinity of a stator 
winding. 

Other objects, features and advantages of the invention will 
become apparent from the following description of the 65 
embodiments of the invention taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a first embodiment of a 
rotating electrical machine, according to the invention, in the 
vicinity of an axial end; 

FIG. 2 is a cross sectional view of a second embodiment of 
the rotating electrical machine, according to the invention, in 
the vicinity of an axial end; 

FIG. 3 is a view showing a flowing path of a cooling 
medium, according to the second embodiment of the inven 
tion, in the vicinity of the axial end; 

FIG. 4 is a view showing a flowing path of a cooling 
medium in a third embodiment of the rotating electrical 
machine, according to the invention, in the vicinity of an axial 
end; 

FIG. 5 is a cross sectional view of the third embodiment of 
the rotating electrical machine, according to the invention, in 
the vicinity of the end axial; 

FIG. 6 is a cross sectional view showing a portion of a 
laminated core in the second embodiment of the invention; 

FIG. 7 is an enlarged cross sectional view showing a lami 
nated core according to a fourth embodiment of the invention; 

FIG. 8 is a view showing a core split piece punched from a 
steel strip adopted in a stator core; 

FIG. 9 is a cross sectional view showing an axial end of a 
stator core in a conventional rotating electrical machine; 

FIG. 10 is a view showing a cooling duct in a conventional 
rotating electrical machine, as viewed from an inside diam 
eter side in a diametrical direction; 

FIGS. 11A and 11B are views showing punching of split 
pieces from a steel strip adopted in a stator core; 

FIG. 12 is a perspective view showing a conventional rotat 
ing electrical machine with a part thereof broken away; and 

FIG. 13 is an enlarged cross sectional view showing a 
portion of a laminated core according to a fifth embodiment of 
the rotating electrical machine of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Embodiments of a rotating electrical machine according to 
the invention will be described below with reference to the 
drawings. In addition, the same reference numerals as those in 
the related art are used. 

FIG. 1 is a cross sectional view of a first embodiment of a 
rotating electrical machine according to the invention in 
which a stator core 4 is viewed in a circumferential direction. 
FIG. 1 shows a half of the rotating electrical machine in a 
diametrical direction and a portion thereof close to an axial 
end. 

Grain oriented magnetic steel sheets 10 are laminated at an 
axial end of the stator core 4, non-oriented magnetic steel 
sheets 11 are laminated at an axial central portion of the stator 
core, and the respective steel sheets are formed by split pieces 
punched from a steel strip in a direction, in which teeth 1 are 
perpendicular to a direction of rolling as shown in FIG. 11A. 
Accordingly, a circumferential direction of the stator core 
Substantially corresponds to the direction of rolling and a 
diametrical direction thereof substantially corresponds to a 
vertical direction to the direction of rolling. 

Thereby, in the first embodiment, magnetic steel sheets 
which are different in magnetic permeability in the diametri 
cal direction are laminated at an axial end of and at an axial 
central portion of the stator core 4. 

In the first embodiment, magnetic steel sheets used gener 
ally in rotating electrical machines are employed as magnetic 
steel sheets used for the stator core 4. As is well known, the 
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grain oriented magnetic steel sheets 10 are excellent in mag 
netic permeability generally in a direction of rolling as com 
pared with the non-oriented magnetic steel sheets 11 but low 
in magnetic permeability in a direction perpendicular to the 
direction of rolling as compared with the non-oriented mag 
netic steel sheets 11. 

Therefore, paying an attention to heat generation in the 
teeth 1, heat generation at the teeth of the non-oriented mag 
netic steel sheets 11 is smaller than heat generation at the teeth 
of the grain oriented magnetic steel sheets 10. 

In a modification of the first embodiment, a magnetic per 
meability at a magnetic flux density of 1.5 T may be used as 
an index of easiness of pass of a magnetic flux in the teeth 1. 
While a magnetic steel sheet used generally in rotating elec 
trical machines has a saturation magnetization in the order of 
2T, its magnetization characteristic is considerably changed 
in inclination around 1.5 T. In the case where the magnetic 
flux density in the diametrical direction becomes one close to 
a Saturation magnetization, magnetic resistance increases and 
correspondingly loss increases. 

In contrast, in the invention, a magnetic permeability at 1.5 
T is adopted as an index of easiness of pass of magnetic flux 
in the teeth 1 of the stator core 4, and a material is selected so 
that the non-oriented magnetic steel sheets 11 are Superior to 
the grain oriented magnetic steel sheets 10 in magnetic per 
meability at a magnetic flux density of 1.5 T in the diametrical 
direction. Thereby, it is possible to suppress generation of 
heat in the teeth 1 in a rotating electrical machine, which is 
designed to have a magnetic flux density, of which a maxi 
mum magnetic flux density in the teeth 1 is close to a satura 
tion magnetization. 

The same effect is produced even when a magnetic flux 
density in a magnetic field of 5000A/m, which is a magne 
tizing force, by which general non-oriented magnetic Steel 
sheets 11 can reach a magnetic flux density in the order of 1.5 
T. 

In addition, in the first embodiment, that portion, on which 
the grain oriented magnetic steel sheets 10 are laminated, 
corresponds to an axial end of the stator core 4 and that 
portion, on which the non-oriented magnetic Steel sheets 11 
are laminated, corresponds to an axial central portion of the 
Stator core 4. 

FIG. 3 is a cross sectional view of a path, along which a 
cooling medium flows, in a second embodiment of the inven 
tion and a stator core 4 as viewed in a circumferential direc 
tion, and FIG. 3 shows a half region of the second embodi 
ment in a diametrical direction and a half region of the second 
embodiment in an axial direction. 

Arrows in the drawing indicate a direction, in which a 
cooling medium flows, and the cooling medium which is 
increased in pressure by a fan 23 gets to a stator core 4 through 
a rotor 7 and an air gap 24 to be exhausted through cooling 
ducts (not shown), or to be circulated again into the path 
through a heat exchanger, while cooling an armature winding 
6 and the stator core 4. 

FIG. 2 shows a structure of the stator core 4 in the second 
embodiment of the invention. As shown in FIG. 2, an axial 
spacing between cooling ducts 5 in an axial central region of 
the stator core 4 is made Smaller as compared with an average 
axial spacing of the cooling ducts, which is obtained by 
dividing an axial length of the stator core by the total number 
of cooling ducts, so that flow rate of the cooling medium 
through the axial central region of the stator core 4 is 
increased. In the case where a conventional structure is 
applied, a magnetic material is decreased in Volume in an 
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6 
area, in which the number of cooling ducts is increased, so 
that an increase in magnetic flux density of the core and an 
increase in loss are caused. 

In contrast, in the second embodiment, magnetic steel 
sheets used generally in rotating electrical machines are 
employed as steel sheets used for the stator core 4. The stator 
core 4 is formed from split pieces each punched from a steel 
strip as shown in FIG. 11A such that a plurality of the grain 
oriented magnetic steel sheets 10 are laminated at an axial 
end, at which axial spacings between the cooling ducts 5 are 
larger than an average spacing, and a plurality of the non 
oriented magnetic steel sheets 11 are laminated in an axial 
central region, in which axial spacings between the cooling 
ducts 5 are smaller than the average spacing. 

In other words, assuming that one packet is obtained by 
laminating a plurality of the grain oriented magnetic steel 
sheets 10, three packets are arranged at an axial end region of 
the stator core 4 with the cooling ducts 5therebetween, while 
assuming that one packet is obtained by laminating a plurality 
of the non-oriented magnetic steel sheets 11, plural (three 
packets in a state shown in FIG. 2) packets are arranged in an 
axial central region with the cooling ducts 5 therebetween, in 
which arrangement an axial width of one packet at the axial 
end, at which the plurality of the grain oriented magnetic steel 
sheets 10 are laminated, is larger than an axial width of one 
packet in the axial central region, in which the plurality of the 
non-oriented magnetic steel sheets 11 are laminated. 

Thereby, the axial central region, in which axial spacings 
between the cooling ducts 5 are smaller than the average 
spacing, is high in magnetic permeability in a diametrical 
direction, and paying an attention to heat generated in the 
teeth, it is possible to reduce heat generated from the teeth of 
the stator core 4 in an area, in which the non-oriented mag 
netic steel sheets 11 are used, as compared with heat gener 
ated in an area, in which the grain oriented magnetic steel 
sheets 10 are used. 

FIG. 6 is a view showing the stator core 4 as viewed from 
a side of a rotor as indicated by an arrow “B” in FIG. 2. In FIG. 
6, as a modification of the invention, duct spacing pieces 8 
arranged between a stator core formed by laminating the 
grain oriented magnetic Steel sheets 10 and a stator core 
formed by laminating the non-oriented magnetic steel sheets 
11 are formed from a non-magnetic material. 
With Such construction, it is possible to reduce magnetic 

fluxes incident in the duct spacing pieces 8, thus enabling 
preventing overheating by reduction in loss. 

In the second embodiment, the number of cooling ducts is 
11 and axial spacings between the cooling ducts and steel 
sheets, respectively, are two in kind for the simplicity of the 
drawings, but the number of cooling ducts may be several tens 
or more and axial spacings between the cooling ducts and 
steel sheets may be three or more in kind. 

In addition, in the Embodiment, a portion of three packets, 
in which the grain oriented magnetic Steel sheets 10 are lami 
nated, corresponds to the axial end of the stator core 4 and a 
portion of the remaining packets, in which the non-oriented 
magnetic steel sheets 11 are laminated, in FIG. 2 corresponds 
to the axially central portion of the stator core 4. 

FIG. 4 shows a path, along which a cooling medium flows, 
in a third embodiment of the invention. Similarly to FIG. 3, 
FIG. 4 is a cross sectional view as viewed in a circumferential 
direction, and shows a half region of the third embodiment in 
a diametrical direction and a half region of the third embodi 
ment in an axial direction. 

Arrows in the drawing indicate a direction, in which a 
cooling medium flows, and the cooling medium, which is 
increased in pressure by a fan 23 for flowing of the cooling 
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medium, goes through a rotor 7 and an air gap 24 to cool a 
stator core 4 and an armature winding 6 in exhaust sections 
26, which are positioned at an axial end region and in a axially 
central region, to be exhausted through cooling ducts (not 
shown), or to be circulated again into the path through a heat 
exchanger. At this time, a part of the cooling medium, which 
is increased in pressure by the fan 23, cools the armature 
winding 6, then goes through a cooling medium flowing path 
25 to cool the stator core 4 and the armature winding 6 in an 
intake section 27, in which a cooling medium in the machine 
is caused to flow radially inwardly of the cooling ducts from 
radially outwardly thereof in an opposite manner to the 
exhaust section, then joins a cooling medium, which flows 
through the rotor 7 and the air gap 24, in the air gap 24, and is 
exhausted through cooling ducts (not shown) in the exhaust 
sections 26, or circulated again into the path through a heat 
exchanger. 

FIG. 5 shows a structure of the stator core in the third 
embodiment of the invention. In FIG. 5, non-oriented mag 
netic steel sheets 11 are laminated to form the exhaust section 
26b positioned in an axial central region, and grain oriented 
magnetic steel sheets 10 are laminated to form the exhaust 
section 26a other than the exhaust section 26b, and the intake 
sections 27a, 27b. Here, the non-oriented magnetic steel 
sheets 11 are made of split pieces punched from a steel Strip 
as shown in FIG. 11A. 
The exhaust section 26b and positioned downstream of the 

cooling medium flowing path is expected to be increased in 
temperature since the cooling medium flows thereinto after 
mainly passing through the intake sections 27a, 27b. Here 
upon, in the their embodiment, an axial spacing between the 
cooling ducts in the exhaust section 26b is made Smaller than 
an average one in order to increase the quantity of a cooling 
medium flowing in the exhaust section 26b positioned in the 
axial central region. 

Described more specifically, the exhaust section 26a at the 
axial end region of the stator core 4 comprises three packets 
arranged with the cooling ducts 5 therebetween, in each of 
which packets a plurality of the grain oriented magnetic Steel 
sheets 10 are laminated, the intake sections 27a, 27b posi 
tioned in an axial central region comprise two packets 
arranged with the cooling ducts 5 therebetween, in each of 
which packets a plurality of the grain oriented magnetic Steel 
sheets 10 are laminated, and the exhaust section 26b posi 
tioned in the axial central region comprises three packets 
arranged with the cooling ducts 5 therebetween, in each of 
which packets a plurality of the non-oriented magnetic Steel 
sheets 11 are laminated, whereby the stator core 4 is formed. 
At this time, one packet of the intake sections 27a, 27b 

positioned at the axial end region, at which the plurality of the 
grain oriented magnetic steel sheets 10 are laminated, are 
largest in axial width, one packet of the exhaust section 26a 
positioned at the axial end region, at which the plurality of the 
grain oriented magnetic Steel sheets 10 are laminated, is large 
next thereto in axial width, and one packet of the exhaust 
section 26bpositioned in the axial central region, in which the 
plurality of the non-oriented magnetic steel sheets 11 are 
laminated, is Smallest in axial width. It does not matter if one 
packet of the exhaust section 26a positioned at the axial end 
region is the same in axial width as one packet of the intake 
sections 27a, 27b positioned in the axial central region. 

In addition, in the third embodiment, while the reference 
numeral 26a denotes an exhaust section, the non-oriented 
magnetic steel sheets 11 are laminated only in the exhaust 
section 26b since it is expected that the exhaust section 26b, 
through which a cooling medium passing through the intake 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 
sections 27a, 27b positioned in the axial central region and a 
cooling medium passing through the rotor 7 flow, is high in 
cooling medium temperature. 

In the third embodiment, the magnetic permeability at 1.5 
T is adopted as an index of easiness, with which a magnetic 
flux passes in the teeth of the stator core, and a material is 
selected so that the non-oriented magnetic steel sheets 11 are 
excellent as compared with the grain oriented magnetic steel 
sheets in magnetic permeability in the diametrical direction. 
Thereby, it is possible to reduce that going-round of a mag 
netic flux in an axial direction, which is attributable to an 
increase in magnetic flux density caused by reduction of a 
magnetic material of the intake section in Volume, thus 
enabling Suppressing generation of heat. 

In the third embodiment, the number of ventilating sections 
is 7 and the number of cooling ducts is 17 for the simplicity of 
the drawings, but the number of Ventilating sections may be 
several except 7 and the number of cooling ducts may be 
several tens or more. 
As a modification of the third embodiment, the magnetic 

permeability in a magnetic field of 5000A/m may be adopted 
as an index of easiness, with which a magnetic flux passes in 
the teeth, instead of the magnetic permeability at a magnetic 
flux density of 1.5 T. 

In addition, in the third embodiment, in FIG. 5, the exhaust 
section 26a comprising three packets, in which the grain 
oriented magnetic steel sheets 10 are laminated, is positioned 
at the axial end region of the stator core 4, and the exhaust 
section 26b and the intake sections 27a, 27b are positioned in 
the axial central region of the stator core 4. 

FIG. 7 is an enlarged view showing a core in a fourth 
embodiment of the invention and shows a stator core as 
viewed from a side of a rotor as indicated by an arrow C in 
FIG. 1. Like in FIG. 1, the core is structured so that non 
oriented magnetic steel sheets 11 are laminated centrally in an 
axial direction and grain oriented magnetic steel sheets 10 are 
laminated at an axial end. 

In the fourth embodiment, non-oriented magnetic steel 
sheets 33 having a thickness of 0.5 mm are laminated cen 
trally in the axial direction, grain oriented magnetic Steel 
sheets 34 having a thickness of 0.35 mm are laminated at the 
axial end, and all insulating varnish layers 32 applied between 
the steel sheets have the same thickness. 

In addition to reduction in generation of heat in teeth of the 
stator core, for which the non-oriented magnetic steel sheets 
11 described in the first embodiment are used, heat conduc 
tion in the steel sheets is good in an inplane direction as 
compared with that in a direction of lamination, so that heat 
conduction to a core back from teeth is made favorable in a 
central area, in which the non-oriented magnetic steel sheets 
33 having a thickness of 0.5 mm are laminated, thus enabling 
moderating a temperature rise in the vicinity of a winding. 

In case of using a magnetic steel sheet having the equiva 
lent, specific resistance and a thickness of 0.5 mm, there is a 
possibility of an increase in eddy current loss as compared 
with a magnetic steel sheet having a thickness of 0.35 mm. In 
contrast, as a modification of the fourth embodiment, a steel 
sheet having a thickness of 0.5 mm and a high specific resis 
tance as compared with that of a magnetic steel sheet having 
athickness of 0.35 mm is used to enable achieving an increase 
in core Volume while achieving reduction in eddy current 
loss. 

FIG. 13 is an enlarged view of a core in a fifth embodiment 
of the invention, and shows a stator core as viewed from a side 
of a rotor as indicated by the arrow B in FIGS. 2 and 5. 
As shown in FIG. 13, non-oriented magnetic steel sheets 33 

having a thickness of 0.5 mm are laminated in an area, in 
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which an axial spacing between cooling ducts is Small, or in 
an exhaust section, grain oriented magnetic steel sheets 34 
having a thickness of 0.35 mm are laminated in an area, in 
which an axial spacing between cooling ducts is large, and all 
insulating varnish layers 32 applied between the magnetic 
steel sheets have the same thickness. 
As described in the second embodiment, since a magnetic 

material is decreased in Volume in an area, in which an axial 
spacing between cooling ducts is Small, teeth is increased in 
magnetic flux density and a magnetic flux is hard to pass in a 
diametrical direction. A magnetic flux becoming hard to pass 
in the diametrical direction goes round in an axial direction 
and an eddy current loss is generated in axial cross sections of 
the teeth in addition to that iron loss, which is generated by 
passage of magnetic fluxes in a magnetic steel sheet. In con 
trast, in the fifth embodiment, the non-oriented magnetic Steel 
sheets 33 having a thickness of 0.5 mm are laminated in an 
area, in which an axial spacing between cooling ducts is 
Small, to increase a magnetic material in Volume and to 
restrict an increase in magnetic flux density to decrease the 
quantity of magnetic fluxes, which go round in an axial direc 
tion. 

Since heat conduction in a magnetic steel sheet is good in 
an inplane direction as compared with that in a direction of 
lamination, the non-oriented magnetic steel sheets 33 having 
a thickness of 0.5 mm are laminated in the exhaust section to 
make heat conduction to a core back from teeth favorable as 
compared with that section, in which the grain oriented mag 
netic steel sheets 34 having a thickness of 0.35 mm are lami 
nated, thus enabling moderating a temperature rise in the 
vicinity of a winding. 

In case of using a magnetic steel sheet having the equiva 
lent specific resistance and a thickness of 0.5 mm, there is a 
possibility of an increase in eddy current loss as compared 
with the use of a magnetic Steel sheet having a thickness of 
0.35 mm. In contrast, as a modification of the fifth embodi 
ment, a magnetic steel sheet having a thickness of 0.5 mm and 
a high specific resistance as compared with that of a magnetic 
steel sheet having a thickness of 0.35 mm is used to enable an 
increase in core Volume while achieving reduction in eddy 
current loss. 

It should be further understood by those skilled in the art 
that although the foregoing description has been made on 
embodiments of the invention, the invention is not limited 
thereto and various changes and modifications may be made 
without departing from the spirit of the invention and the 
Scope of the appended claims. 
The invention claimed is: 
1. A rotating electrical machine comprising: a rotor com 

prising a rotor core and a field winding wound round the rotor 
core; and a stator comprising a stator core and a stator wind 
ing wound round the stator core, the stator being arranged in 
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opposition to the rotor with a predetermined spacing therebe 
tween, and wherein the stator core is formed by punching a 
split piece, which comprises teeth for insertion of the stator 
winding thereinto and a core back on an outer periphery 
thereof, from a magnetic steel sheet, and laminating a plural 
ity of those circular configurations in an axial direction, in 
which a plurality of the split pieces are arranged in a circle in 
a circumferential direction, a plurality of cooling ducts for 
flowing of a cooling medium in a diametrical direction are 
formed midway of the axial direction of the stator core; the 
rotating electrical machine further comprising an exhaust 
section, in which a cooling medium in the machine is caused 
to flow radially outwardly of the cooling ducts from radially 
inwardly thereof, and an intake section, in which a cooling 
medium in the machine is caused to flow radially inwardly of 
the cooling ducts from radially outwardly thereof in an oppo 
site manner to the exhaust section, 

wherein magnetic steel sheets different in kind between the 
exhaust section positioned in the axial central region and 
exhaust and intake sections other than the exhaust sec 
tion positioned in the axial central region are laminated 
in the stator core, and 

wherein the exhaust section positioned in the axial central 
region of the stator core is Smaller in axial spacing 
between the cooling ducts than exhaust and intake sec 
tions other than the exhaust section positioned in the 
axial central region. 

2. The rotating electrical machine according to claim 1, 
wherein non-oriented magnetic steel sheets are laminated in 
the exhaust section positioned in the axial central region of 
the stator core and grain oriented magnetic Steel sheets are 
laminated in exhaust and intake sections other than the 
exhaust section positioned in the axial central region of the 
StatOr COre. 

3. The rotating electrical machine according to claim 1, 
wherein the stator core has laminated magnetic steel sheets, 
which are high in magnetic permeability in a diametrical 
direction of the stator core at a magnetic flux density of 1.5 T. 
in the intake section, and laminated magnetic steel sheets, 
which are low in magnetic permeability in a diametrical 
direction of the stator core at a magnetic flux density of 1.5 T. 
in the exhaust section. 

4. The rotating electrical machine according to claim 1, 
wherein the stator core has laminated magnetic steel sheets, 
which are high in magnetic permeability in a diametrical 
direction of the stator core at a magnetic field of 5000A/m, in 
the intake section, and laminated magnetic steel sheets, which 
are low in magnetic permeability in a diametrical direction of 
the stator core at a magnetic field of 5000A/m, in the exhaust 
section. 


